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The Effects of Zero-Length and Non-Zero Length Cross-Linking Reagents
on the Optical Spectral Properties and Structures of Collagen Hydrogels
Yu Jer Hwang, Joseph Granelli, Jillian Larsen, Julia G. Lyubovitsky.
UC Riverside, Riverside, CA, USA.
We compared the effects of zero-length cross-linkers 1-Ethyl-3 (3dimethylami-
nopropyl) carbodiimide (EDC) and non zero-length cross-linkers glycolalde-
hyde and glyceraldehyde on the optical and structural properties of three
dimensional (3D) collagen hydrogels. We evaluated these effects by multipho-
ton microscopy (MPM) that combined two-photon fluorescence (TPF) and sec-
ond harmonic generation (SHG) contrasts and transmission electron
microscopy (TEM). The collagen hydrogels were incubated separately with
the above reagents present at the concentration of 0.1 M. The incubation
with glycolaldehyde and glyceraldehyde induced strong auto-fluorescence
within the gels. We followed the formation of fluorescence with TFP signals
in situ and in real time as well as characterized the micro- and nano-
structures within cross-linked hydrogels by examining SHG and TEM images
respectively. As detected in the SHG images, glycolaldehyde and glyceralde-
hyde modified 5 - 10 mm ‘fiber-like’ collagen structures to longer, 20 mm
and more, aggregated strands while EDC had minimal effect on the microstruc-
ture. TEM revealed that glycolaldehyde and glyceraldehyde either completely
eliminated collagen’s characteristic native fibrillar striations or generated un-
characteristic fibrils with extensions. EDC preserved the native striation pat-
terns, decreased the fibril diameters and effectively homogenized the fibrils
within hydrogels assembled at 1.8 g/l to 4.68 g/l collagen concentrations and
37 C. Our findings provide a clear understanding on how different cross-
linking reagents have very different effects on the collagen hydrogels. This un-
derstanding is critical for advancing tissue engineering and wound healing
applications.
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John V. Vallerga2, Rick Raffanti3, Shimon Weiss1, Xavier Michalet1.
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Fluorescence lifetime imaging microscopy (FLIM) is a powerful technique for
distinguishing molecular species, studying molecular interactions or assembly,
and observing Fo¨rster resonance energy transfer (FRET). We present a new wi-
defield photon-counting detector which uses the principles of phasor analysis to
achieve FLIM with access to dynamics across a broad range of timescales. In
previous widefield photon-counting FLIM detectors, low quantum efficiency
has limited sensitivity, and global count rate limitations have constrained frame
rates. Our detector, called the H33D Gen II, achieves a quantum efficiency of
15% across the visible spectrum, and achieves global count rates of several
MHz. Photons are collected across the entire field of view in a widefield man-
ner, and assigned a position in the image using a cross-strip anode. Each photon
is also timed with sub-nanosecond precision using analog-to-digital converters
(ADCs) and a field-programmable gate array (FPGA), which removes the dead
time present in Gen I from the time-to-digital converter (TDC). This stream of
photon counts is then binned into frames by software to achieve very fast frame
rates, limited only by the number of photons collected and the desired statistics.
We use phasor analysis with custom software to process the lifetime informa-
tion, resulting in very fast generation of FLIM movies. We demonstrate the
range of capabilities of this new detector and the applicability of this approach
to FLIM for single particle and cellular imaging. This system provides high-
precision access to nanosecond scale lifetimes, while also being capable of ob-
serving a broad timescale of dynamics (millisecond scale and higher) simulta-
neously across an image.
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Measurements of Cell Mass Distribution during Cell Division with
Quantitative Phase Microscopy
Thomas A. Zangle, Jason Reed, Michael A. Teitell.
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Despite much attention to the regulation of genetic material partitioning during
cell division, relatively little is known about the partitioning of cell mass, an
essential outcome of successful cytokinesis. Recent work suggests that mispar-
titioning of cellular contents during division may constitute a form of epige-
netic memory, however, conventional techniques cannot accurately quantify
daughter cell masses. Quantitative phase microscopy, in which the phase shift
of light as it passes through and interacts with matter inside a cell is measured,
in combination with computer vision techniques, provides a new approach for
directly measuring the masses of hundreds of paired daughter cells and trackingthe resultant cell fates. We will show that,
across several cell types, approximately one
in ten cell divisions results in a highly asym-
metric partitioning of mass. Additionally, we
have found that specific disruption of acto-
myosin activity using small molecule inhibi-
tors leads to a marked increase in the percent-
age of highly-asymmetric cell divisions. This
suggests that sub-cytotoxic concentrations of
chemotherapeutics may lead to dramatic var-
iation in cancer cell population mass distri-
butions and potential epigenetic effects on
cell function and disease progression.1016-Pos Board B802
Rapid, Accurate Single Particle Tracking Based on Radial Symmetry
Center Determination
Raghuveer Parthasarathy.
University of Oregon, Eugene, OR, USA.
Accurately tracking particles in images is a crucial task in areas as diverse as
super-resolution microscopy, membrane biophysics, and soft-matter micro-
rheology. Tracking errors can easily propagate into flawed conclusions about
mechanisms underlying particle dynamics. The commonly used method of lo-
cating the center of a particle by direct fitting of a two-dimensional Gaussian
function to a measured intensity profile is very accurate, but is computationally
intensive and not generalizable to non-point-like particles. Its slowness is a nec-
essary consequence of iteratively, numerically searching through a large fitting
parameter space. I introduce a new approach to sub-pixel particle tracking
based on exploiting the radial symmetry of particle images, valid for any radi-
ally symmetric intensity profile. I provide an algorithm that employs an ana-
lytic, non-iterative calculation of the best-fit symmetry center to determine
the particle location. Over a wide range of signal-to-noise ratios, this approach
yields tracking accuracies nearly identical to those of Gaussian fitting with ex-
ecution times over two orders of magnitude faster and with greater robustness
in the presence of nearby particles. The performance of this algorithm is tested
on simulated images as well as experimental data from several fields.
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Novel Genetically Encoded Probes for Observing Molecular Processes in
Living Cells by Two-Photon Polarization Microscopy
Josef Lazar1,2, Alexey Bondar2.
1Inst. of Nanobiology and Structural Biology GCRC, Brno, Czech Republic,
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Two-photon polarization microscopy (2PPM) can be used for imaging a wide
range of dynamic molecular events in living cells and tissues. The technique
allows sensitive monitoring of protein-
protein interactions and of conformational
changes, in a variety of proteins. 2PPM is
sensitive enough to allow imaging of even
submillisecond events. Due to 2PPM’s re-
quirement for only a single fluorescent pro-
tein tag, many existing fluorescently tagged
constructs can act as probes of protein
function. Here we present our results in us-
ing 2PPM for monitoring G-protein activa-
tion and calcium imaging, and a first
generation of genetically encoded probes
developed specifically for 2PPM.Micro & Nanotechnology: Nanopores I
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Gael Nguyen1, Stefan Howorka2, Zuzanna Siwy1.
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The ability to control liquid flux across porous membranes is important in sep-
aration, purification, and sensing. Here we describe a way to open and close
a nanoscale pore by a voltage and pH. We produce track-etched pores in poly-
ethylene terephthalate (PET) and chemically etch them into a conical shape.
This is followed by a pore modification where we attach 30 mer single-
stranded DNA to the pore walls. This process is applied to pores that have a nar-
row opening diameter between 3nm and 20nm. The DNA modification is re-
stricted to the region next to the small opening of a pore. We find that the
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depends on the ionic strength of the electrolyte medium. The result can be ex-
plained by the ionic strength dependent DNA conformation. At low KCl con-
centrations (e.g. 10 mM KCl) the DNA is expected to be fully extended and
rigid, which is observed as a large reduction in current compared to the current
values before DNA attachment. In addition, for pores with diameters below 5
nm, the deflection of the DNA strands in the electric field reverses the direction
of ion current rectification compared to the as prepared pores. These pores fea-
ture therefore a voltage-dependent opening diameter. The effect of pH of the
background KCl solution will also be discussed. This system has possible ap-
plications in drug delivery and separations.
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Nanopore sequencing is a single molecule technique that has the potential to
provide fast and low-cost DNA sequencing. In nanopore sequencing, an ionic
current passing through a small pore would directly map the sequence as single
stranded DNA is driven through the constriction. The mutant pore protein,
MspA, derived from Mycobacterium smegmatis forms a short and narrow
channel ideal for nanopore sequencing. Here we present recent advances in
nanopore sequencing using the biological porin MspA. Homopolymers of ad-
enine, cytosine, thymine, and guanine each generate unique current signatures
when held in MspA. Additionally, we show that individual nucleotides passing
through MspAmodulate the ionic current in a predictable manner providing se-
quence information. MspA has a high signal-to-noise ratio and the single nucle-
otide sensitivity desired for nanopore sequencing. These results indicate that
MspA is an ideal candidate for nanopore DNA sequencing.
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Developing our ability to quickly and accurately assess the presence of
potentially harmful biomaterials is an essential endeavor for several reasons,
including public health and national security. In particular, current approaches
for detecting viruses are quite sensitive, but often require labeling for virus
identification and may take hours for detection and up to several days for
confirmation.
The resistive pulse techniquewas introduced in1970asa candidate for rapid, label-
free viral sensing in which viruses suspended in an electrolyte were driven through
a single pore hundreds of nanometers in diameter embedded in a micron-thick
polymermembrane. By characterizing themagnitude and duration of ionic current
blockages, the virion’s size and geometry could be extracted. However, due to the
dimensions of the system relative to the size of viruses (~25nm to 600nm), these
early devices could not achieve the sensitivity required. Recently, researchers
have taken advantage of developments in nanofabrication techniques to create
smaller pores and thinner membranes to address device sensitivity.
Building on these recent reports, we systematically investigate the role of mem-
brane thickness and pore diameter relative to the size of the analyte using a fo-
cused ion beam to prepare nanopores in silicon nitride membranes. Employing
synthetic nanospheres as models for viral particles, we explore a representative
range of particle sizes to optimize device performance. In doing so, we aim to
not only present a more complete assessment of the limitations of this approach
(including the need for tailored pores or multiplexed platforms to detect a broad
range of viruses) but also illustrate pathways to address these through straight-
forward modifications to the fundamental sensor design.
This work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344. LLNL-ABS-502091
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In nature, nanopores play a critical role in a number of vital biological functions.
These pores can be ion selective based on their size and/or surface charge, but
further functionality is achieved by modulating, or gating, their conductance
state. The conductivity of a particular nanochannel can be controlled in a number
of ways, includingmechanically, chemically and electrically. By studying thesephenomena in model systems, we may be able to create abiotic analogues of
these biostructures with similar transport properties. Here, we present what we
believe is first study to show the spontaneous opening and closing of a synthetic
hydrophobic nanopore with no leakage current in the closed state. Hydrophobic
gating has been observed before in biological channels.
Single conically shaped nanopores in polyethylene terephthalate prepared by
the track-etching technique were functionalized with hydrophobic groups ei-
ther throughout the pore or on the outside of the tip region. These hydrophobic
pores would be closed at low voltages below ~1V but would open up for ionic
transport when a transmembrane potential was increased above a threshold
value. At the threshold voltages the pores would fluctuate between conducting
and non-conducting states, which we attributed to reversible wetting and dew-
etting of the pores. Prior to the hydrophobic modification, aqueous electrolyte
solutions were able to conduct readily through the structures for all voltages.
Another feature of nanopores with a local hydrophobic layer is a strong depen-
dence of their gating behavior on pH. At pH 8 the pore would typically conduct
the current, but at pH 3 the pore was either closed or rectifying in the opposite
direction. Transport properties of hydrophobic nanopores also provide informa-
tion on hydrophobic interactions at the nanoscale.
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Characterizing Contact Friction Between DNA and a Chemically Modified
Nanopore Surface
Binquan Luan, Gustavo Stolovitzky.
IBM Research, Yorktown Heights, NY, USA.
Nanopore based DNA sequencing can be potentially high-throughput and low-
cost. Essential to this approach is the ability to control the electrically driven
motion of a DNA molecule that transits a solid-state nanopore. One dominant
factor affecting DNA translocation is contact friction between DNA and a pore
surface. Nanopores after being drilled by a transmission electron microscope
usually exhibit different surface properties, such as surface charge density
and surface roughness, resulting in different friction on DNA. Even for the
same pore, translocation (dwell) times for same DNA molecules can vary dra-
matically due to the irregular occurrence of contact friction. It has been exper-
imentally demonstrated that a self-assemble monolayer (SAM) can be coated
on a nanopore surface, providing a method to reduce the contact friction be-
tween DNA and the pore surface. Using all-atom molecular dynamics simula-
tions, we characterized interactions between DNA and different SAM-coated
pore surfaces. When DNA was in a hydrophilic SAM-coated pore, an intermit-
tent stick-slip motion occurred because of the contact friction and resulted in
a wide distribution of translocation velocity of DNA. However, in a hydropho-
bic SAM-coated pore, DNA was rarely stuck on the coated surface and the
translocation velocity was nearly constant. Therefore, by coating a proper
SAM on a pore surface, it is possible to achieve controlled motion of DNA
and improve the resolution of DNA sequencing.
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Ananopore is the ultimate analytical toolwith singlemolecule sensitivity.Going
beyond analysis, synthetic biology also demand tools capable of reprogramming
a cell’s genetic code. Conventional electroporation lacks biomolecular specific-
ity resulting in low cell viability and non-uniform transfection. We developed
a single molecule specific and highly efficient strategy transfection single cells.
Figure (a) illustrates the new nanopore-electroporation-tool (NEP): A confocal
micrograph showing the silicon nitrate membrane with nanopore (b). The mem-
brane separates the cis microfluidic channel from the trans. On the cis-side, 20
kbp double-stranded DNA intercalated with YOYO dye is conveyed via the mi-
crofluidic to themembrane. Inside the trans channel anE. coli cell is placed using
optical tweezers in close proximity to the pore_so close that the field emanating
from it affects cell membrane poten-
tial causing it to electroporate; conse-
quently the bacteria fluoresces (a) and
is subsequently encapsulated in hy-
drogel (c). With precise engineering
of the geometry molecules such as
ions, proteins or RNA can infuse
into the gap between membrane and
cell, or directly into the cell via elec-
troporation.A pore so close to the cell
offers the opportunity to both trans-
fect the cell and measures its secre-
tome simultaneously.
